Abstract. Four large earthquakes occurred in 1980 in a seismic gap near the Loyalty Islands in the New Hebrides. At 3:25 UT on October 24 an event with Ms --6.7 initiated the sequence. Three events, Ms --6.7, 7.2, and 6.5, followed on the next day. We investigated this sequence by using the seismicity, first-motion, and waveform data and long-period surface waves. 
Introduction
In October, 1980, an earthquake sequence consisting of 4 large events (Ms --6.5, 6.7, 6.7, and 7.2; hereafter these events are referred to as the mainshocks) and about 160 aftershocks, which were reported by NEIS (National Earthquake Information Service), occurred in the New Hebrides subduction zone. Figure  1 [McCann, 1980] shows the plate tectonic setting of the region. The black square in the figure contains all the events in the sequence. McCann [1980] assigned the boxed area a seismic potential of 2, which means that the region had experienced an earthquake of Ms greater than 7.0 in the last 100 years but not the last 30 years and has relatively high seismic potential. magnitude greater than 6 in this region between 1963 and 1979. However, since the sequence in 1980, three shocks of surfacewave magnitude 6.6 or 6.7 have been reported (2/17/81, 9/17/81, and 11/24/81) by NEIS. Also, an event of Ms = 7.3 occurred on 7/6/81 100 km southeast of the region considered in this paper.
Another notable feature associated with this sequence is that the aftershock zone expanded during the first week to an area 10 to 20 times larger than that for the first few hours. Some of the aftershocks occurred near the trench axis. A similar feature has been noted for other events in the New Hebrides [e.g. . Also, the aftershock zone during the first few hours became quiescent within six hours after the third mainshock.
Although the relationship between seismicity and the state of stress in the fault zone is not fully understood, recent studies indicate that the spatio-temporal variation of seismicity may reflect the mode of stress buildup, release, and readjustment in the focal zone (see [Lay et al., 1982] for summary). In view of the importance of this sequence as a gap-filling event, we made a detailed analysis of seismicity patterns preceding and following this sequence and of the mechanisms of the mainshocks.
Seismicity
The temporal variation of the seismicity as well as the focal mechanisms, seismic moments, and magnitudes of the four largest earthquakes are shown in Table 1 Table 1 is used for the third event. A homogeneous half space is assumed, and direct P, pP, and sP phases are included in the synthetics. We assume a point source at a depth of 15 km and use a symmetric trapezoidal time function with the rise time to and effective width tl (i.e., total width to + tl; see Figure 3 ). An alternative possibility is that the entire later aftershock area could have ruptured in the mainshocks, but the average displacement was only about 30 cm instead of 3 meters. If this is the case, the absence of earthquakes in the prior 35 years in the black square in Figure 1 requires either that 9/10 of the slip has been aseismic or that much of the fault plane slips in several earthquakes during an earthquake cycle.
Although either one of these cases or a combination of them is possible, we consider the first case most satisfactory in view of the good agreement between the amount of coseismic slip estimated from the seismic moment and that predicted by plate motion. We use this model in the rest of this paper.
The other striking feature is the expansion of the zone of quiescence near the center, which grew to a radius of 50 km by the end of the first week. This feature can be seen in Figures 2d,  2e, and 2f , where a zone of quiescence develops in the area of the inner dotted line, which represents most of the immediate aftershock zone.
The development of quiescence in the immediate aftershock area may reflect the difference in mechanical properties between the immediate aftershock area and the surrounding area. In terms of the mechanism proposed above, the immediate aftershock area is more brittle (undergoes less aseismic slip) than the surrounding area, so that stress readjustment after the mainshock may have been completed quickly, resulting in a shorter duration of aftershock activity. With this asperity model, we interpret the seismicity patterns in the area before the mainshocks. Figure 2c shows the activity during the 18-month period before the mainshocks. Clustering of the events near the point of initial rupture (epicenter of the first event) seems to indicate stress concentration on one edge of the asperity, perhaps in the strongest region. During the 18-month period prior to this period (Figure 2b) , no obvious seismicity pattern is found that may indicate the existence of the asperity.
Although this interpretation is not unique, the accurate determinations of seismic moments together with spatio-temporal mapping of seismicity provide an important clue to the distribution and the nature of asperities that control the mode of stress accumulation leading to a large earthquake. Detailed information on the location and the character of an asperity such as the one indicated by Figure 2e and identification of clustering activity such as the one shown in Figure 2c are important for evaluating the seismic potential of a gap.
For long-term earthquake prediction, areas with the potential for large earthquakes can be identified on the basis of seismic gaps [McCann, 1980] . In the intermediate term, the gaps could be monitored for large areas of quiescence and clustering of events to indicate areas that might rupture and the point where rupture might initiate, respectively.
